This study describes a globally applicable method to determine the local suitability to implement water supply management strategies within the context of a river catchment. We apply this method, and develop a spatial analysis model named Geographic Water Management Potential (GWAMP). We retrieve input data from global data repositories 5 and rescale these data to 1km spatial resolution to obtain a set of manageable input data. Potential runoff is calculated as an intermediate input using the Soil Conservation Service Curve Number (SCS-CN) equation. Multi Criteria Evaluation techniques are used to determine the suitability levels and relative importance of input parameters for water supply management. Accordingly, the model identifies, potential water 10 harvesting-and storage sites for on-farm water storage, regional dams, and soil moisture conservation.
Introduction
Fresh water resources are often not efficiently used and regulated (Seckler, Barker et al., 1999; Ambast, Keshari et al., 2002) . This paper contributes for a better understanding of water supply management options for mitigation of and adaptation to fresh water scarcity. In this study, we develop the first component for an integrated analysis to capture the high spatial diversity of natural conditions, (ii) engineering analysis to depict possible harvesting, storage, and transportation options for fresh water and alternative irrigation systems, and (iii) economic analysis to determine the costefficient water management over time. The component presented here relates to the geographic analysis and involves a spatially explicit analysis model, hereafter referred 5 to as Geographic Water Management Potential (GWAMP) model.
Most existing geographic decision support systems to delineate rain water harvesting potential use location specific input data in vector format (for example; Gupta, Deelstra et al., 1997) and, therefore face difficulties in integrating grid based Global Climate Model (GCM) simulations. Here, we develop a more compatible system using globally 10 available input data in raster (grid) format to facilitate the integration of GCM simulations and other global model outputs. For example, input parameters such as average monthly precipitation can be readily replaced with data from GCM simulations. This compatibility is an important feature for the assessment of adaptation and mitigation strategies under changing climate. In addition, our approach offers a relatively fast, 15 preliminary site selection for water infrastructure development and avoids the timeconsuming manual location search.
Geographic information systems (GIS) techniques are increasingly used for planning, development, and management of natural resources at regional, national, and international level. They have been applied for the assessment of several water related 20 environmental challenges such as soil erosion, degradation of land by water logging, ground and surface water contamination, and ecosystem changes (Jasrotia, Dhiman et al., 2002) . Raes (1998) provides evidence for successful catchment management including reservoir system management, irrigation scheduling and risk management. Sharada, Kumar et al. (1993) studied the application of GIS in entire catchments for site 25 prioritization with respect to soil conservation. The Soil Conservation Services-Curve Number (SCS-CN) method has been used and validated in determining the rainfallrunoff relationship (Jain, Das et al., 1996; Boughton, 1989; Hariprasad, 1997) . The study by Sharada, Kumar et al. (1993) describes a composite map generation with 3355 Discussion Paper | Discussion Paper | Discussion Paper | Discussion Paper | geo-databases and the calculation of area statistics are prepared much faster and accurate. Ross (1993) integrated GIS into hydrologic modelling and found that it reduces the modeler's subjectivity in parameter selection.
In GWAMP, we consider the entire catchment as the appropriate spatial scope for water resource planning, development and management. And, we apply GIS techniques 5 to identify and analyze water harvesting and storage potentials. We illustrate and validate the GWAMP assessment tool with the Sao-Francisco and Nile catchments. The water runoff is calculated using the SCS-CN method.
In presenting the methods and results of our study, we proceed as follows: Sect. 2 provides details on the GWAMP model structure. Section 3 contains background in-10 formation on the watersheds for the two case studies. Section 4 summarizes the case study results and concludes.
Methodology

Geographic Water Management Potential Assessment (GWAMP)
The GWAMP model framework (Fig. 1) is built based on GIS technology, including three components: data input, data processing and model outputs. The first component loads and prepares the necessary input data. The data processing component applies defined functions to all grid cells and identifies the suitability for rain water harvesting and storage technologies. The output component provides suitable locations for different rain water harvesting and storage techniques. The rain water harvest-20 ing technologies considered here include moisture conservation techniques such as check dams, percolation pits, and stone terraces on agricultural farms or nearby. Water storage technologies include regional reservoirs and smaller scale farm tanks in agricultural areas.
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Multi criteria evaluation process
We use Multi-Criteria Evaluation (MCE) to identify the suitability of each grid cell for water harvesting and storage. The purpose of MCE is to investigate alternative choices in light of multiple, often conflicting objectives (Voogd, 1983) and to generate overall rankings of these choices (Janssen and Rietveld, 1990 
Compound Weighted Index (CWI)
10
The comparative importance of input data parameters is calculated with the Compound Weight Index (CWI). Input data include raster maps, whereas each layer is a factor in the decision making (constrain layers). For each grid cell, all input thematic layer values are weighted based on the comparative importance of each factor. The criterion performance score for each thematic layer is standardized in order to enable inter criterion trade-offs and to allow the comparison of the alternate performance in a common scale (Jankowski, 2006) . The weight index of comparative importance is calculated using a pair-wise comparison matrix method in the context of decision-making process identified as the analytical hierarchy process. The final score for each grid cell (i -th row and j -th column) is calculated by multiplying the criterion weight and criterion performance 
RS
i j = Minimum raw score The standardization forces the criterion score to be between a lower bound of 0 and an upper bound of 1. Through pair-wise comparisons associated with analytical Hierarchy Process, every possible pairing and the ratings are arranged on a 9-point continuous scale (Saaty, 1977) .
5
In this study, relative importance-ratings are calculated for each constraining layer and two water supply aspects. Particularly, we generate a pair-wise comparison matrix for water harvesting (Table 1-a) and storage (Table 1- 
The CWI is obtained for water harvest and storage structures concerning each constraining layer, by computing the principal eigenvector of the pair-wise comparison ma-10 trix (Table 2) .
Suitability Level Index (SLI)
The suitability of a particular water supply management technology, for a given factor is described with the Suitability Level Index (SLI). The suitability levels for regional dams scaled from 1 to 9, based on the criterion defined by Gosschalk (2002) whereas 15 the suitability levels for small-scale farm tanks are determined based on the criterion defined by Lewis (2002) . Additionally, the suitability for check dams, percolation pits, stone terraces and roaded catchments are determined based on recommendations by Mbilinyi, Tumbo et al. (2005) and Prinz (1996) . Suitability levels considered for regional dams are shown in Table 3 . 
Compound Suitability Index (CSI)
Finally, combining the information from Tables 1 and 2, the Compound Suitability Index (CSI) for i -th cell for t-th rain water harvesting or storage technology, CSI ti is given as in Eq. (2). SL LU i t = suitability level of i -th cell for t-th technology with respect to land cover/use.
The CSI is calculated for each grid cell within the catchment boundary with respect to each rain water harvesting and storage technology. The higher the index value, SCI ti , the more suitable is a given grid cell for practicing the respective water harvesting or 15 storage technology.
Input data parameters
The required input data for the GWAMP decision support system include data on elevation, soil depth, dominant soil type, land use and land cover, and mean monthly precipitation. We retrieve these data from global data repositories and rescale them 20 to a 1 km spatial resolution to obtain a set of manageable input data. The data are extracted for the desired catchment boundary, entered into GIS, and processed into raster maps.
Elevation data
We use DEM (Digital Elevation Model) data developed using the method described terrains. This seamless DEM data are downloaded from the CGIAR server (Jarvis et al., 2008) and data for each catchment was then extracted.
Contour data
First, we use the DEM raster surface to create contour lines in 10m intervals in raster 10 (grid) format. Subsequently, we calculate contour density, i.e. the magnitude of contour lines per grid cell. The employed GIS algorithm considers the line segments that fall within a cell or its eight neighboring cells, in calculating the contour density. If the centre cell in the immediate neighborhood (3 × 3 cell window) does not contain contour lines, the output is assigned as "No Data". The density grid is reclassified into 10 sub classes 15 and used as one input parameter in the GWAMP model. We use contour density data instead of elevation data, since it is more appropriate in data categorization within the model. For the identification of potential sites for regional dams, we combine additional knowledge based site identification step with the iso-line density data. This includes potential valley locations identification and screen from the suitable sites identified from 20 the model.
Slope data
Slope data are generated from the DEM grid corresponding to the boundary of the catchment. The slope assignment corresponds to the maximum change in elevation between a cell and its eight neighbors, i.e. the steepest downhill gradient for a grid any neighborhood cells are No Data, they are assigned the value of the center cell and slope is computed. The slope (percentage) data is then classified into seven categories according to FAO guidelines. degrees. This input is the principle factor for the determination of the water runoff yield and the evaporation from the considered land unit.
Land use and land cover data
Soil type and soil depth data
The infiltration rate of the soil determines the type of structure to be located and the surface runoff potential also depends on the soil texture of the area (Jasrotia, Majhi 
Runoff data
The model calculates the runoff for each grid cell using monthly precipitation, land use and the soil type. The Soil Conservation Service -Curve Number (SCS-CN) method is used to generate the runoff. The SCS-CN method was originally developed by the US Department of Agriculture, Soil Conservation Service and is documented in detail 
where: Q = runoff depth, mm P = rainfall, mm S = maximum recharge capacity of watershed after 5 days rainfall antecedent 10 I a = 0.3 S (initial abstraction of rainfall by soil and vegetation, mm) CN = Curve Number, CN is found out from the table (Mockus, 1964) .
In the process of calculating runoff, the soil map is reclassified into four hydrological soil group types A, B, and C based on the infiltration and runoff generating potentials 15 (Niehoff, Fritsch et al., 2002) . According to National Engineering Handbook (2001) and Boorman, Hollis et al. (1995) , the characteristics of the hydrological soil groups can be summarized as below (Table 4 ). The water runoff values represent the cumulative annual runoff amount (mm), for each grid cell. All of the above mentioned input data are converted to Arc/Info grid layers in order 20 to use them as inputs in GWAMP.
Case studies
To test and validate GWAMP, we apply the model in two catchments with diverse geographic and climatic conditions. These include the Sao-Francisco and the Nile catchment.
Sao-Francisco catchment
The Sao-Francisco catchment is entirely located in Brazil. It covers 629 885 km 2 (Maneta, Torres et al., 2009) and is drained by the Sao-Francisco River and its tributaries. The river flows from south to north along 2860 km (Braga and Lotufo, 2008) 
Nile catchment
The Nile is the longest river in the world, stretching north for approximately 6850 km from East Africa to the Mediterranean. However, only 20% of the entire catchment has a crest length of 3830 m and a volume of 0.0443 km 3 . The Lake Nasser reservoir, which has a capacity of 169 km 3 impounds up the Nile about 320 km in Egypt and almost 160 km farther upstream in Sudan.
Results and discussion
Potential sites for rain water harvesting and storage
5
Potential sites for rain water harvesting and storage technologies in the Sao-Francisco and Nile catchments as estimated with the GWAMP tool are shown in Figs. 2 and 3 , respectively. Note that the sites identified in these maps correspond to either high or very high suitability levels for all included water harvest and storage technologies. For both watersheds, GWAMP allocates potential sites for regional dams close to 10 valley in the centre of the catchment. Potential water harvesting sites occur predominantly in the mountainous regions of the catchment, whereas the farm tank locations are distributed throughout the catchment. This is due to the spatial variability in topographical features. For example, towards the catchment boundary (in both cases), topography is largely hilly and with less continuous drainage networking compared to 15 central valley regions of the catchment. The estimated total area share of potential sites for different types of rainwater harvest and storage options are shown in Table 5 . Areas suitable for regional dams and farm tanks comprise about one third of the SaoFrancisco catchment but only about one tenth of the Nile catchment (Figs. 2 and 3 and Table 5 ).
20
Among the considered water harvesting techniques, percolation pits, contour bunts, and roaded catchments achieve the same degree of suitability in both catchments. Suitable sites for stone terraces, however, appear only on a small fraction of land in both catchments.
Potential sites for rain water harvesting and storage technologies identified and Prinz (1996) . Relatively fine soils such as clay and silt have a high water storage capacity and thus are suitable for percolation pits.
According to Hudson (1987) and Jasrotia, Dhiman et al. (2002) , stone terraces and check dams are usually built on steep slopes with unstable soils of coarse texture, low organic matter content, or steep slopes. This characteristic is depicted by GWAMP 15 which places stone terraces and check dams on steep slopes within both catchments. Soils with high shares of small clay and silt particles have a larger effective surface area than those with larger particles, and therefore detain more water (Ball, 2001 ). This agrees with the model results on locating roaded catchments are mainly found on gently undulated slopes (2-5
• ) with clay, silty clay and sandy clay soils accompanying 20 the farm tank areas.
Results are in agreement with findings by Stanton (2005) that areas with low to medium slopes together with high water holding capacity soils, like clay, silty clay and sandy clay are suitable for on-farm tanks with roaded catchments. The relatively low cost of constructing roaded catchments on gently undulating slopes compared to 25 higher costs on steep slopes could is a contributing factor. 
Validation
Existing water management structures from the Sao-Francisco and Nile catchments can be used to test and validate the performance of GWAMP. Here, we test the parameterization used for developing the system on suitability levels and relative importance weights. Through validation, we assess the reliability of results by comparing them with 5 existing dams and farm tanks. We employ two main strategies for the validation. As a first strategy, we calculate the percentage of overlap between the suitable area from the model results and the existing areas. The results are shown in Table 6 . Most existing rain water storage technologies are found in areas classified by GWAMP as very high (54%) or high (30%) suitability. We only validate rain water storage techniques, 10 because we did not find appropriate data for existing check dams, percolation pits, stone terraces or roaded catchments. The fact that most of predicted rain water storage technologies were found within the very high to moderately suitable classes and areas producing high runoff indicates that, the model can be used to predict potential sites for rain water harvesting and storage technologies.
15
As a second strategy, we consider the number of tributaries contributing to the selected locations for different water storage techniques. While the Nile catchment consists of tributaries up to six orders, the Sao Francisco catchment contains tributaries up to five orders. Table 7 summarizes the percentage of tributaries contributing to different selected 20 regions. We find that modelled dams are fed by higher rather than lower stream order tributaries which support the fact of locating the regional reservoirs in main rivers. On the other hand, farm tanks and percolation pits are fed by lower order streams proving the fact that they are in locations where water quantity can be managed easily.
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Conclusions
The application of GWAMP in the two case studies demonstrates its suitability to identify potential sites for rain water harvesting and storage. Furthermore, GWAMP can easily update suitability levels and weighted score of decision criteria on which the potential sites for rain water harvesting and storage are based. In addition, the information 5 on identifying potential sites for rain water harvesting and storage has been used for the development and operation of water management programs. This study demonstrates the capabilities of using global data sets and Geographic Information Systems (GIS) in spatial analysis models.
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